The purpose of the study is to investigate the effect of chewing gum containing Prunus mume extract(PME) on the change of saliva ingredients. On the basis of the biological background of molecules and diagnostic indices in the use of saliva, the mastication effect of chewing gum containing PME was demonstrated in terms of secretory IgA concentration and total protein concentration in stimulated saliva. Methods: This study is an experimental research on the use of a research design before and after applying a randomized control group. Participants were distributed randomly to the experimental group and the control group, respectively. The experiment group was instructed to masticate the chewing gum containing PME for 10 minutes for one month after each meal within 30 minutes. Salivary secretion was collected by the participants between 8 and 10 a.m in the morning in the research office. For the measurement of secretory IgA and total protein concentrations in the saliva, indirect enzyme-linked immunosorbent assay(ELISA) was used. Results: The salivation stimulation rate was significantly increased after four weeks of masticating chewing gum containing PME after each meal(p<0.001). Mastication of chewing gum containing PME for four weeks decreased the concentration of secretory IgA much more significantly than that after mastication for one week(p=0.003). The concentration of total protein in the saliva was decreased after four weeks in the experimental and control groups. Conclusions: Mastication of chewing gum containing PME stimulated salivary secretion and led to oral disease prevention in patients with xerostomia. Furthermore, it seems to be urgent to seek measures that can be utilized in intervention for patients with xerostomia.
and immunoglobulin, pH maintenance, and acid-base balance in body fluids [1, 2] .
Salivary secretion consists of water and electrolytes including sodium, potassium, calcium, chloride, and phosphate. The electrolytes play an important role in oral health and immune reaction against bacterial metabolites from the food [3, 4] . Body fluids is a general term for all fluids flowing within the human body and it represents the plasma fraction of blood. Body fluids mainly consist of water and show osmotic pressure depending on adjusting the ion and electrolyte concentration, and contribute to transport of oxygen, nutrition and bodily waste, and to an even distribution of body heat [5] . Most of the disease burdenprimarily arises from respiratory infectious diseases [5] . Therefore, as attention to prevention and treatment of various oral diseases for promoting and maintaining oral health has increased, attention to naturally occurring materials that have an excellent effect of anti-bacterial function with less side effects is also increasing [6] .
Prunus mume is a fruit tree that belongs to cherry genus of the rose family and its origin is known to be in the Tstuan Province and mountainous region of the Hubei Province of China, being significantly distributed in Southeastern areas like Korea, China and Japan, and especially, a report suggested that Prunus mume cultivated in Korea has an excellent antioxidative activity [7] [8] [9] and anti-bacterial properties [10, 11] . Organic acid is the main ingredient in Japanese apricot and has strong antibacterial activity that leads to sterilization, detoxification, deduction, purification of the intestine, liver function activation, and prevention of acidification. Organic acid facilitates gastric juice and saliva secretion [12] . As mentioned above, Japanese apricot is known to have various types of effects within the human body, but a study on the mechanism that can reveal the anti-bacterial process and immunity reaction within the mouth is needed.
The purpose of the study is to investigate the amount of salivary secretion by measuring secretory IgA and total protein amount using chewing gum containing PME. Through this study, we will suggest the use of Japanese apricot extracts as a preventive treatment tool for maintaining dental hygiene.
Materials and Methods

Study design
This study is an analogue experiment before and after application of a random comparison group. The design of the study is as follows<Table 1>.
Subjects
The subjects comprised adults in the age range of 50 to 60 years who were included in the study on the first-come, first-served basis through an advertisement on the website of H University from October 11, 2015 through October 19, 2015. The informed consent document was approved by the Institutional Review Board (IRB) of K University after providing an explanation for the study. Twenty-eight persons who agreed to participate in the experiment after re-explanation regarding the purpose of the study was provided to the recruited applicants were included in the study, and classification was performed into the experimental group and the comparison group by using a random method. Assessment of the sample size revealed that a minimum of 5 persons were needed in each group based on the calculation by G*Power program for determining the sample size.
Criteria for selecting the subjects of this study were healthy ordinary adults who understood the purpose of the study and voluntarily agreed to participate in the study, who did not have any general diseases like diabetes, thyroid disease, adrenal function disorder, liver ailment, kidney ailment, oral ailment, and who had not taken any drugs for a long time that can affect xerostomia and can chew and react when the secretion rate of saliva was measured.
Saliva sample collection
Saliva was collected from 8 to 10 a.m in the morning to prevent the error caused by midday changes, and it was stored in a container for exactly 5 minutes for each person at 1 hour after of chewing gum. Education was given regarding restriction of oral activity like consuming food, smoking, and tooth brushing 1 hour before the visit on the Table 1 . Study design day of the experiment. The practice of mastication of chewing gum was recorded in a diary. The experimental group was instructed to masticate 1 tablet of chewing gum containing Japanese apricot extracts(PME) for 10 minutes after a meal within 30 minutes, three times a day. The experimental procedure included measurement of the flow rate of saliva and total volume before treatment. Total volume of entire saliva at 10 days, 20 days, and 30 days after each treatment was compared, The experimental procedure for the comparison group included measurement of the flow rate of saliva, total volume before treatment in the same way as in the experimental group by a researcher, and measurement of the flow rate and total volume of entire saliva at 10 days, 20 days, and 30 days each after treatment without conducting any treatment.
Saliva sample processing and analysis
Measurement of the concentration in irritating saliva after masticating chewing gum was performed using salivary secretory IgA indirect enzyme immunoassay kit(Salimetrics, USA). Optical density was measured at 450nm after stopping the reaction with stop solution by making each sample react with phased application of tetramethylbenzidine(TMB) after individuation of antibodies with added samples of saliva prepared in 96-well high affinity binding plate coated with highly purified human SIgA. Measurement of the concentration of total protein within saliva was performed using total protein ELISA kit(Antibody-Online, USA). Saliva samples was assessed by centrifuging for 15 minutes at 3,000 rpm taking the fluid after removing the impurities, and salivary total protein concentration was measured using a control in the kit.
Statistical analysis
Collected data were analyzed with Chi-square test and Fisher's exact test in order to assess homogeneity between groups by using IBM(SPSS 22.0 for Windows, SPSS Inc, Chicago, USA). Comparison of differences in stimulated saliva flow rate and total volume between the experimental group and the comparison group of patients who chewed gums containing apricot extract before treatment was performed with Mann-Whitney test, and changes occurring with passage of time after treatment were analyzed with repeated measures ANOVA. Differences in the content of irritating saliva and concentration of SIgA were analyzed with Wilcoxon signed rank test at 4 weeks after treatment.
Results
Verification of homogeneity of subjects
Gender and subjective awareness of oral health and smoking and alcohol drinking were analyzed in order to verify homogeneity between the group masticating chewing gum containing apricot extract and the comparison group, targeting adults in the age range of 50's-60's <Table 2>.
Differences were not observed between gender distribution and subjective awareness of oral health, and homogeneity was secured as there was no significant difference in characteristics between groups with 10 drinkers(62.5%) and 3 smokers(50.0%)(P>0.05).
As shown in <Table 3>, as a result of measuring the secretion rate of irritating saliva and xerostomia in the experimental group and comparison group for 5 minutes before treatment by masticating chewing gum, homogeneity was verified as there was no significant difference between the groups(P>0.05).
2. Change in the stimulated salivary volume flow rate after treatment by masticating chewing gum
As a result of verification by repeated measures ANOVA shown in <Table 4> by measuring irritating saliva for 5 minutes in the group masticating chewing gum containing apricot extract and the comparison group after treatment by masticating chewing gum, both between groups(P=0.002) and within groups(P<0.001) showed a significant difference.
Concentration of SIgA within saliva after masticating chewing gum
As a result of measuring the concentration of SIgA in irritating saliva at 30 days after treatment by masticating chewing gum <Table 5>, the concentration of SIgA in the experimental group was significantly reduced compared to that at 10 days post treatment(P=0.003).
Concentration of total protein after masticating chewing gum
<Table 6> shows the result of comparison and analysis of containment of total protein with comparison within saliva 30 days after treatment by masticating chewing gum. Concentration of total protein in saliva was significantly reduced at 30 days after masticating chewing gum compared to that before the experiment(P=0.006).
Discussion
Oral health, an essential element of health, has been emphasized for maintaining general health. Recently, the importance of preventive treatment rather than direct treatment of disease using restorative treatment has been emphasized; hence, attention has increased towards probiotics using lactobacillus in addition to chemical drugs that have been used so far [13] .
Reduction in the intake of sucrose for prevention of oral disease is important, but it is realistically difficult to practice this in life as modern people prefer a snack between meals Table 6 . Containment of total protein at 30 days after masticating chewing gum Unit: Mean±SD, ㎍/ml mixed with sugar [14] . With respect to sugar alternatives, attention has been paid to xylitol and sorbitol, which are the ingredients in chewing gum, known to be effective in reducing the numerical value of S. mutans through blocking and preventing formation of biofilms from sugar as well as mechanical cleaning by facilitating secretion of saliva interaction with protein of saliva prevention of dental caries by buffering acidity(pH) of orak biofilm mainly used as ingredient for chewing gum. This also has a relation with the ingredient in chewing gum as well as taking the physical cleaning activity of chewing gum itself [14] . Many diseases that cause health problems are infectious, which first arise through the respiratory tract, and oral substances that contain antibacterial materials for restricting bacterial multiplication within the mouth are used for preventing and treating oral diseases. In addition to this, attention is increasing towards naturally occurring materials that can be safely used as replacement for existing chemical synthetic antibacterial materials that have many side effects within the mouth [6, 16, 17] . Plant extract, specific protein and enzymes, isozyme, bacteriocin, organic acids, fatty acids are developed as natural antibacterials. But, natural materials contain various ingredients that have not yet been confirmed or not yet known, and they have not been industrialized and commercialized properly as their effectiveness has not been evaluated [10] .
Prunus mume used in this study has been known to show effectiveness with the human body, but the study is still lacks information on the effect for prevention and treatment of oral diseases according to the antibacterial process and immunity reaction mechanism. Generally, Prunus mume is reported to have an excellent effect of quenching thirst, facilitating saliva secretion, and antibacterial activity and antioxidative activity in various Chinese medical literatures [18] [19] [20] , and it is regarded to be a useful ingredient in chewing gum. In other words, when a basic study is conducted on the antibacterial effect of Prunus mume within the mouth for development of oral substances, it can have various utilities as a natural antibacterial agent and will enhance the value as a cash crop for local apricot farmers.
As a result of this study, the secretion rate of irritating saliva in the group masticating chewing gum containing apricot extract was gradually increased(p<0.001). Mastication of apricot extract-containing chewing gum was found to be helpful in maintaining oral health with a significant reduction in the concentration of SIgA in irritating saliva at 30 days after treatment by masticating chewing gum compared to the first week. In addition to this, containment of total protein within saliva was significantly reduced at 30 days after masticating chewing gum, which is assumed to have an association with the immune system within the mouth.
Mouth is an organ with a concentration of various microorganisms within the human body, which cause dental caries and periodontal diseases and become a direct and indirect cause of general physical infection, leading to various diseases in the respiratory and digestive organs [4] . Oral microorganisms essentially attach themselves to the surface of the mouth in general, and these adhered microorganisms at an early stage of dental plaque formation form a dental plaque while producing a microcell colony by bacterial organisms like polysaccharide, saliva protein and glucoprotein [21] . The number of germs existing in the dental plaque changes with time, and as the dental plaque matures, gram-negative anaerobic germs will increase, and early existing types include Streptococcus oralis, S. mitis and S. sanguinis, and S. mutans and Porphyromonas gingivalis mainly cause dental caries and periodontal disease as they there are germs that cause diseases within the mouth [22] . Jang et al. [23] identified the antibacterial effect of apricot extract within the mouth, and considering the increase in secreting materials in irritating saliva and concentration of SIgA and change in the content of total protein in this study, masticating chewing gum containing apricot extract is suggested to contribute to prevention of oral diseases and a strategy for xerostomia.
Conclusions
This study is an analogous experimental study that uses an experiment design before and after application of a random comparison group in order to analyze the change of content like the secretion rate of irritating saliva after masticating chewing gum containing Prunus mume extract that has widely been used as medication and health food for a long time, concentration of SIgA and the content of total protein, and the following results were obtained:
1. A significant difference was observed between the group masticating chewing gum containing Prunus mume extract with passage of time after treatment by masticating chewing gum and comparison group as a result of measuring irritating saliva for 5 minutes.
2. As a result of comparing and analyzing the content of total protein within saliva at 30 days after treatment by masticating chewing gum, the concentration of total protein within saliva was significantly reduced compared to that before experiment(p=0.006). 3. As a result of measuring the concentration of SIgA, targeting the experimental group masticating chewing gum containing Prunus mume extract and the comparison group, a significant difference was observed between the groups at 30 days after masticating chewing gum.
Based on above results, masticating chewing gum containing Prunus mume extract is useful for solving oral problems in patients suffering from xerostomia, and furthermore, the antibacterial activity of saliva and immune reaction that were observed, are suggested to contribute to the development of a diagnostic indicator for oral health.
